A novel actinobacterial strain, designated R1-20 T , was isolated during a study of the bacterial diversity of the soil at a white heron nesting site. The isolate was non-motile, Gram-stain-positive and short rod-shaped. Colonies were dull white and convex with entire margin during the early stages of growth, and gradually became yellow. 16S rRNA gene sequence analysis indicated that the isolate belongs to the genus Humibacter of the family Microbacteriaceae, as sequence similarity with its nearest neighbours was 97.16 % with Humibacter antriD7-27 T and 96.44 % with Humibacter albusDSM 18994 T . However, the combination of cultural and physiological as well as chemotaxonomic properties clearly distinguished strain R1-20 T from other Humibacter species. The DNA G+C content of strain R1-20 T was 65.5 mol%, and the major respiratory isoprenoid quinone was menaquinone MK-11. The acyl group of the peptidoglycan was of acetyl type, and the diagnostic diamino acid was 2,4-diaminobutyric acid. Glutamic acid, alanine and glycine were also present in the cell wall. The major fatty acids of strain R1-20 T were anteiso-C 17 : 0 , iso-C 16 : 0 and anteiso-C 15 : 0 . On the basis of phylogenetic, phenotypic and chemotaxonomic analysis, strain R1-20 T merits recognition as a representative of a novel species of the genus Humibacter, for which the name Humibacter soli sp. nov. is proposed. The type strain is R1-20 T (=KCTC 39614 T =JCM 31015 T ).
The genus Humibacter, literally meaning 'a rod living in humus', comprises an actinobacterial group inhabiting the soil environment and belonging to the family Microbacteriaceae. Humibacter. was first proposed with Humibacter albus as the only species by Vaz-Moreira et al. (2008) , and contains four recognized species, including Humibacter antri (Lee, 2013) , Humibacter ginsengiterrae and Humibacter ginsengisoli (Kim et al., 2015a) in addition to the type species. Members of the genus Humibacter are aerobic, rod-shaped and motile or non-motile, have cell walls of the acetyl type and contain 2,4-diaminobutyric acid (DAB) and/or ornithine as diagnostic diamino acids, and cell membranes contain menaquinones (MK) 11 and 12 as major isoprenoid quinones, and phosphatidylglycerol as a diagnostic polar lipid (Vaz-Moreira et al., 2008; Lee, 2013; Kim et al., 2015a) . Habitats include sewage sludge compost, clay soil of a natural cave and agricultural soil.
In this study, an actinobacterial strain, designated R1-20 T , was isolated during a study of the bacterial diversity of soil sampled from Daejeon, Republic of Korea, where white herons (Egretta garzetta) are nesting (36 21¢ 52 † N 127 20¢ 59 † E) . Single colonies were selected from the R2A agar (Difco) plate after incubation for 3 days at 30 C. Isolate R1-20 T was stored at À80 C in 20 % (w/v) aqueous glycerol solution. The isolate was also subcultured on tryptic soy agar (TSA; Difco) plates at 30 C for 3 days.
Extraction of genomic DNA, PCR amplification of the 16S rRNA gene and sequencing followed previously described procedures (Kim et al., 2015b) . Sequence alignment and similarity calculation based on almost complete 16S rRNA gene sequences between strain R1-20 T and other species of the genus Humibacter were carried out by using EzEditor (Jeon et al., 2014) and EzTaxon (Kim et al., 2012) . A phylogenetic tree was inferred using the Jukes-Cantor model (Jukes & Cantor, 1969) and neighbour-joining algorithm (Saitou & Nei, 1987) with MEGA 6.0 (Tamura et al., 2013) . Regions including any gaps were removed from the analysis. Trees were also reconstructed using the maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969) methods. The tree topology was evaluated by bootstrap analysis based on 1000 resamplings. DNA-DNA relatedness was determined by the fluorimetric method using microplates as described by Ezaki et al. (1989) .
Colony morphology of strain R1-20 T was observed on TSA after cultivation for 3 days at 30 C. Cell shape and size and the presence of flagella were observed using transmission electron microscopy. Cell motility was examined by the hanging-drop technique (Bernardet et al., 2002) . The temperature range for growth was tested on TSA at 4, 10, 15, 20, 25, 30, 37 and 40 C. The pH range for growth was tested using tryptic soy broth (TSB; Difco) at 30 C for 7 days with shaking at 160 r.p.m. and the growth pH range was tested at pH 4.0-10.0 with 1 pH unit intervals. The pH was adjusted with 4 M HCl or 1 M NaOH. The NaCl concentration range for growth was tested using TSB at 30 C for 7 days with shaking at 160 r.p.m. NaCl concentration was adjusted to 0-6.0 % (w/v) at an interval of 0.5 %. The test for anaerobic growth was performed by using GENbox (bioM erieux).
Enzyme activity and carbohydrate metabolism of strain R1-20 T were tested using API ZYM, API 20NE and API 50CH kits (bioM erieux) following the manufacturer's instructions. Hydrolysis was tested for starch, casein, CM-cellulose, DNase, Tween 20 and Tween 80. For soluble starch or casein, R2A agar was used as the basal medium, and the substrate was added at 0.3 % (soluble starch) or 5 % (casein) to the medium. CM-cellulose agar (per litre: CMcellulose 10 g, K 2 HPO 4 4 g, MgSO 4 Á7H 2 O 1 g, KCl 0.2 g, FeSO 4 Á7H 2 O 20 mg, peptone 5 g, yeast extract 1 g, trypan blue 80 mg and agar 15 g) was used to test for degradation of CM-cellulose. DNase hydrolysis activity was tested by using DNase test agar (BBL). Oxidase activity was examined with Kovacs oxidase reagent (Kovacs, 1956) , and catalase activity by bubble production with hydrogen peroxide.
The DNA G+C content of strain R1-20 T was determined by a fluorimetric thermal denaturation method (Gonzalez & Saiz-Jimenez, 2002) using a real-time PCR thermocycler (Bio-Rad). SYBR green, SSC buffer and 30 % formaldehyde were used in tests for fluorescence detection of dsDNA, stabilization, and DNA denaturation, respectively. For analysis of cell-wall sugar components, purified peptidoglycan was hydrolysed by H 2 SO 4 at 95 C for 2 h. The low pH was neutralized to 6-7 by 1 M NaOH. The hydrolysate was developed on TLC cellulose plates (20Â20 cm; Merck), a mixture of ethylacetate/pyridine/water (50 : 30 : 20, by vol.) was used as a mobile phase and sugars were detected using aniline phthalate reagent. For respiratory quinone analysis, dried cell biomass was mixed with chloroform/methanol (2 : 1, v/v) for 2 h for extraction. After evaporation of the liquid, quinones were attached to the Sep-pak silica cartridge (Waters) using hexane. Hexane/diethylether (98 : 2, v/v) was used for elution of quinones in the cartridge, and the eluate was then redissolved in acetone for HPLC analysis (YL9100 HPLC System) with a reversed-phase C18 column (250 mm Â 4.6 mm, 120 ODS-BP 5 µm; Waters). The mobile phase of HPLC was isopropanol/methanol (5 : 7, v/ v), to which 0.1 % trifluoroacetic acid was added, and the flow rate was adjusted to 0.8 ml min À1 . For polar lipid analysis, dried cell biomass was suspended in a mixture of methanol/aqueous 0.3 % NaCl (100 : 10, v/v) and hexane to remove quinones. After reaction at 100 C for 5 min, polar lipids were extracted using a chloroform/methanol/0.3 % (w/v) NaCl (90 : 100 : 30, by vol.) mixture. The extract was then eluted in chloroform/methanol (2 : 1, v/v) and developed on aluminium TLC plates (6Â6 cm; Merck). The mobile phases used in two-dimensional TLC analysis were chloroform/methanol/water (65 : 25 : 3.8, by vol.), and chloroform/acetic acid/methanol/water (40 : 7.5 : 6.1 : 8, by vol.), respectively. Total polar lipids were detected by spraying with molybdophosphoric acid and heating at 150 C for 10 min. Phosphatidylglycerol and diphosphatidylglycerol were detected by spraying with Periodate-Schiff reagent. Glycolipids were detected by soaking the TLC plate in anaphthol and heating at 100 C for 10 min. Aminolipids were detected by soaking the TLC plate in ninhydrin and heating at 100 C for 10 min. Phosphorus-containing lipids were detected by spraying with molybdenum blue. For analysis of cell-wall amino acids, the cell-wall preparation was hydrolysed in 6 M HCl at 100 C for 16 h, and the hydrolysate was developed on cellulose TLC plates (20Â20 cm; Merck). The mobile phase was methanol/water/6 M HCl/ pyridine (80 : 26 : 4 : 10, by vol.). The diamino acid was detected by spraying with ninhydrin and heating at 100 C for 10 min. Muramic acid was determined via a glycolate test (Uchida, 1999) using 2 mg of dried cell mass hydrolysed in 200 µl 6 M HCl for 2 h. After hydrolysis, the glycolic acid was extracted using 1 ml of water saturated with diethyl ether. The pH was neutralized by using 0.1 M NaOH, and diethyl ether was evaporated at 50 C. The dried matter was eluted in the mixture of distilled water and 1 M NaOH. The colour of the glycolipid was checked after adding 500 µl 2,7-dihydroxynaphthalene (Sigma) reagent and incubating at 100 C for 10 min. For fatty acid analysis, the biomass was obtained from TSA plates after cultivation at 30 C for 3 days, and about 40 mg of biomass was scraped from the plate. The wet biomass was saponified, methylated and extracted following the method of the Sherlock Microbial Identification System (Sasser, 1990) . The fatty acid methyl esters were analysed by GC with Sherlock MIDI software (version 6.0) and the RTSBA database (version 6.0).
Cells of strain R1-20 T were short rod-shaped, non-flagellated and non-motile, and individual cells measured 0.8-1.3Â0.4-0.5 µm (Fig. S1 , available in the online Supplementary Material). Colonies were circular and convex with entire margin, dull white and 1-1.8 mm in size after incubation for 3 days on TSA at 30 C. The colonies gradually changed to yellow. The temperature range for growth of strain R1-20 T was 20-37 C (optimum, 30 C), pH range was 5-7 (optimum, pH 6) and NaCl concentration was 0-2 % (w/v) (optimum, 0 %). Oxidase and catalase activities were negative. Starch, casein, CM-cellulose, DNA, Tween 20 and Tween 80 were not hydrolysed. The differential properties separating the new isolate from related species of the genus Humibacter are listed in Table 1, and the API  ZYM, 20NE and 50 CH results are provided in the species  description and Table S1 .
The 16S rRNA gene sequence analysis indicated that the novel strain belongs to the genus Humibacter of the family Microbacteriaceae, as sequence similarity with its nearest neighbours was 97.16 % with the type strain of H. antri and 96.44 % with that of H. albus. The 16S rRNA gene sequence similarities were 95.96 % with the type strain of H. ginsengiterrae and 95.89 % with that of H. ginsengisoli. This level of sequence similarity is far below the suggested cutoff value of 98.7 % for species distinction as given by Stackebrandt & Ebers (2006) , or 98.65 % given by Kim et al. (2014) . The neighbour-joining tree based on Jukes-Cantor distance showed the distinct phylogenetic position of strain R1-20 T (Fig. 1) , which was further supported by the high bootstrap value, and was also found in the maximum-likelihood and maximum-parsimony trees (Figs S2 and S3 ). The level of DNA-DNA relatedness between strain R1-20 T and the type strain of H. antri, its closest phylogenetic relative, was 26.3 ±1.1 %, thus confirming the clear separation between the two strains at the species level.
The DNA G+C content of strain R1-20 T was 65.5 mol %. The diagnostic cell-wall sugars were rhamnose and xylose. The major respiratory isoprenoid quinone was MK-11 (44.5 %), and MK-12 (32.7 %) and MK-10 (19.3 %) were also present in smaller amounts. The polar lipids consisted of phosphatidylglycerol, diphosphatidylglycerol, an unidentified glycolipid and three unidentified lipids (Fig. S4 ). The diagnostic cell-wall diamino acid was DAB. Glycine, glutamic acid and alanine were also present in the cell wall. The muramic acid was of acetyl type. The major fatty acids were anteiso-C 17 : 0 , iso-C 16 : 0 and anteiso-C 15 : 0 ( Table 2) . The chemotaxonomic properties of strain R1-20 T , except for the absence of ornithine, were consistent with those of previously described Humibacter species (Vaz-Moreira et al., 2008; Lee, 2013; Kim et al., 2015a) .
The phenotypic, phylogenetic and chemotaxonomic data clearly distinguished strain R1-20 T from species of the genus Humibacter, for example lack of catalase and nitrate reduction activity, absence of ornithine in the cell wall, and higher proportions of anteiso-C 17 : 0 (55.9 %) and iso-C 16 : 0 (23.0 %).
It is therefore evident that strain R1-20 T merits recognition as a representative of a novel species of the genus Humibacter, for which the name Humibacter soli sp. nov. is proposed.
Description of Humibacter soli sp. nov.
Humibacter soli (so'li. L. neut. gen. n. soli of soil, from which the type strain was isolated).
Cells are Gram-stain-positive, aerobic, oxidase-negative, catalase-negative, non-motile rods. Colonies are circular and convex with entire margin, dull white, and 1-1.8 mm in size after incubation for 3 days on TSA medium at 30 C. The white colonies in the early phase of growth gradually change to yellow. Growth occurs at 20-37 C (optimum, 30 C), at pH 5-7 (optimum, 6) and in the presence of 0-2 % (w/v) NaCl (optimum, 0 %). Positive Humibacter sp. R1-20 (KT318606) Fig. 1 . Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the relationship between strain R1-20 T and related species of the family Microbacteriaceae. Bootstrap values based on 1000 replications (>50 %) are given at branch points. Filled circles indicate branches that were also recovered in the maximum-likelihood and maximum-parsimony trees. Pseudoclavibacter soli KPO2 T was used as the outgroup. Bar, 0.005 substitutions per nucleotide position. D-adonitol, methyl b-xylopyranoside, D-galactose, D-glucose, D-fructose, D-mannose, L-sorbose, L-rhamnose, D-sorbitol, methyl a-D-mannopyranoside, amygdalin, arbutin, salicin, cellobiose, maltose, D-lactose and gentiobiose. The major menaquinone is MK-11, and MK-12 and MK-10 are also present in smaller amounts. Polar lipids consist of phosphatidylglycerol, diphosphatidylglycerol, an unidentified glycolipid and three unidentified lipids. The cell wall contains DAB as the diagnostic diamino acid, and glycine, glutamic acid and alanine are also present. The diagnostic cell-wall sugars are rhamnose and xylose. Muramic acid is of acetyl type. The major fatty acids are anteiso-C 17 : 0 , iso-C 16 : 0 and anteiso-C 15 : 0 .
The type strain, R1-20 T (=KCTC 39614 T =JCM 31015 T ), was isolated from soil of a white heron nesting site. The DNA G+C content of the type strain is 65.5 mol %. Table 2 . Cellular fatty acid profiles of strain R1-20 T and the type strains of recognized Humibacter species Strains: 1, R1-20 T ; 2, H. albus LMG 23996 T ; 3, H. antri KCTC 33009 T ; 4, H. ginsengisoli DCY90 T ; 5, H. ginsengiterrae DCY60 T . All data were obtained under the same experimental conditions in this study. Summed feature 3 consists of C 16 : 1 !7c and/or C 16 : 1 !6c, and summed feature 8 consists of C 18 : 1 !7c and/or C 18 : 1 !6c. TR, <1 %; À, not detected. 
